Grapevines are characterized by a period of irreversible stem shrinkage around the onset of ripening of the grape berries. Since this shrinkage is unrelated to meteorological conditions or drought, it is often suggested that it is caused by the increased sink strength of the grape berries during this period. However, no studies so far have experimentally investigated the mechanisms underlying this irreversible stem shrinkage. We therefore combined continuous measurements of stem diameter variations and histology of potted 2-year-old grapevines (Vitis vinifera L. 'Boskoop Glory'). Sink strength was altered by pruning all grape clusters (treatment P), while non-pruned grapevines served as control (treatment C). Unexpectedly, our results showed irreversible post-veraison stem shrinkage in both treatments, suggesting that the shrinkage is not linked to grape berry sink strength. Anatomical analysis indicated that the shrinkage is the result of the formation of successive concentric periderm layers, and the subsequent dehydration and compression of the older bark tissues, an anatomical feature that is characteristic of Vitis stems. Stem shrinkage is hence unrelated to grape berry development, in contrast to what has been previously suggested.
Introduction
Continuous measurements of stem diameter variations (SDVs) are a useful tool to study plant water status as well as other plant physiological and biophysical phenomena (De Swaef et al. 2015 . They have been used on a wide variety of plants, ranging from gymnosperms (e.g., Irvine and Grace 1997, Zweifel et al. 2010 ) over herbaceous angiosperms (e.g., Gallardo et al. 2006, De Swaef and Steppe 2010) to woody angiosperms (e.g., Lemeur 2004, De Schepper et al. 2012) .
In general, SDVs are the result of four processes that occur simultaneously in the plant, being (i) reversible shrinking and swelling of elastic living tissues in response to different levels of tissue hydration, (ii) reversible contraction and expansion of dead conducting xylem elements due to the increase and relaxation of internal tensions, (iii) irreversible radial growth due to cell division and irreversible cell growth and (iv) thermal shrinking and swelling (Daudet et al. 2005) . Combination of these processes leads to a typical diel pattern. In the morning, when stomata open, water is withdrawn from internal reserves to support transpiration while root water uptake lags behind, resulting in a shrinking of the stem. In the afternoon, root water uptake will become sufficient to provide the water needed for leaf transpiration, and during the evening and night, internal reserves will be replenished as stomata close and transpiration diminishes, resulting in a swelling of the stem . Superposed on the reversible diel pattern, irreversible growth will occur when turgor pressure exceeds a certain cell wall-yielding threshold value that determines irreversible cell expansion (Lockhart 1965 , Génard et al. 2001 , Steppe et al. 2006 . Because the highest turgor values are encountered during night-time, this results in structural stem growth predominantly occurring at night .
Over the longer term, a seasonal growth pattern can be detected. Typically, under non-limiting conditions, fast growth starts during spring after winter dormancy, and this growth will become slower towards the end of the growing season (Cocozza et al. 2012 , De Swaef et al. 2015 . Furthermore, in conifers, patterns of short-term reversible shrinkage are seen in winter due to freezing and thawing processes in the stem (Zweifel and Häsler 2000) . While both diel and longterm patterns during the growing season are fairly comparable among most plants, a different seasonal growth pattern is reported in grapevines. During late summer, growth ceases and is followed by a significant and irreversible stem shrinkage, after which the stem diameter will stabilize and remain constant until the end of the growing season (Ton and Kopyt 2004 , Intrigliolo and Castel 2007 , Baert et al. 2012 . This stem shrinkage is not related to soil water deficit or meteorological conditions, resulting in the fact that SDVs at this time might lose their use as a proper indicator for plant status (Intrigliolo and Castel 2007 , Baert et al. 2012 , Conesa et al. 2016 . The timing of this specific stem shrinkage is typically around the same time as the onset of ripening in the grape berries, commonly known as 'veraison'. This is a crucial stage in grape berry development, since during this time, the sugar concentration starts to increase rapidly in the berries, and berries will start their second phase of rapid growth (Dokoozlian 2000) . To our knowledge, the mechanisms behind this unusual stem shrinkage have never been extensively investigated. However, due to the aforementioned temporal linkage, it has been hypothesized that a relocation of assimilates from the stem to the berries might be responsible for this shrinkage (Intrigliolo and Castel 2007, Baert et al. 2012) .
The aim of this study was to investigate the mechanisms underlying the irreversible post-veraison stem shrinkage in grapevines as it occurs during such a crucial moment in grape berry development but has not been experimentally investigated until now. To this end, we combined histological analysis of the stem at different stages in the growing season (before and after the occurrence of shrinkage) with continuously monitored SDVs throughout the entire growing season. As a link between postveraison stem shrinkage and berry ripening was expected, a treatment was imposed where grapevines were pruned of all grape clusters to investigate whether or not these grapevines showed the same stem shrinkage.
Materials and methods

Plant material and experimental setup
The experiment was conducted on 12 potted grapevines (Vitis vinifera L. 'Boskoop Glory') at the experimental site of the Faculty of Bioscience Engineering at Ghent University, Belgium (51°3′ N, 3°42′ E), during the 2015 growing season (day of year (DOY) 169−290). Vines were in their second growing season, grown in 15 l containers and fertilized with a compound organic and mineral fertilizer (AVEVE, Leuven, Belgium) containing 5% N (organic), 3% P 2 O 5 , 9% K 2 O, 3% MgO and 45% organic matter. The grapevines were~1.5 m high and had stem diameters ranging from 4.00 to 7.03 mm at the stem base at the beginning of the experiment. All plants were irrigated twice a day for 15 min at 7:30 and 13:00 h to ensure sufficient soil water availability, and all pots were open at the bottom to allow drainage of excessive irrigation water. Pots were placed on an anti-root foil to prevent roots penetrating the soil underneath the pots.
Because a relationship between post-veraison stem shrinkage and berry ripening was suspected, four grapevines were randomly chosen at the time of blooming (DOY 169), and pruned of all grape clusters. These plants shall henceforth be addressed as pruned plants (P). The remaining eight plants served as a control (C). Four additional plants were placed at the edges to avoid border effects in the measured plants. A general schematic overview of the experimental setup and installed sensors (see below) is given in Figure 1 .
Online measurements
Stem diameter variations (D stem ) were continuously monitored on 12 grapevines in their second growth season (eight control and four pruned) using linear variable displacement transducer (LVDT) sensors (model DF5.0, Solartron Metrology, Bognor Regis, UK). The LVDT sensors were installed on the flattened surface of the main stem with custom-made, temperatureindependent stainless steel holders (Steppe and Lemeur 2004) . From D stem , daily growth rate (DGR) for each day was calculated as the difference between the maximum D stem of that day and that of the previous day. Total shrinkage (TS) was calculated as the difference between the maximum stem diameter (D max ) and the mean diameter in the period after the post-veraison shrinkage up to cutting of the stems . To look at differences in stem growth during the current growing season from time of Figure 1 . Schematic overview of the experimental setup. Circles represent individual grapevines, grey circles represent the grapevines that are pruned of all grape clusters. All numbered grapevines (P1-P4 are pruned, C1-C8 are control) were continuously monitored with LVDTs, and stars indicate grapevines where soil water potential was continuously measured in the pot.
Tree Physiology Volume 38, 2018 blooming (and thus start of the treatment) onwards, normalized D stem (ΔD stem ) was used, which counts only growth in the current season and hence starts at zero. Soil water potential (Ψ soil ) was continuously measured in four plant pots (three control and one pruned) with TensioTrans tensiometers (model TT 1531, Bambach GbR Tensio-Technik, Geisenheim, Germany).
Photosynthetically active radiation (PAR) was measured with a quantum sensor (Li-190S, LiCOR, Lincoln, NE, USA) just above the canopy. Air temperature (T a ) and relative humidity (RH) were measured using a copper-constantan thermocouple (Omega, Amstelveen, The Netherlands) and a capacitive RH sensor (Type HIH-3610, Honeywell, Morristown, NJ, USA), respectively, inserted in a radiation shield at canopy height. Vapour pressure deficit (VPD) was inferred from RH and T a and was calculated according to Buck (1981) as the difference between saturated air vapour pressure and actual air vapour pressure.
All sensor signals were logged every 20 s, averaged, and stored every 5 min to a CR1000 data logger (Campbell Scientific Inc., Logan, UT, USA). This logger was connected to a base station that sends the data wirelessly to the PhytoSense cloud service (Phyto-IT BVBA, Mariakerke, Belgium) for storage, processing and visualization.
Anatomical analysis
From all continuously monitored stems, segments at the base were collected and stored in 70% v/v ethanol. Three stems (P2, C3 and C6) were sampled shortly after they reached their maximum diameter (DOY 237), six stems (P1, P3, P4, C1, C7 and C8) were sampled at harvest (DOY 267) and the remaining three control stems (C2, C4 and C5) were sampled after leaf fall (DOY 293). Some extra stems in their first and second growing season were cut as well to study the development of grapevine anatomy.
Prior to sectioning, stem segments were thoroughly rinsed in demineralized water and glued to the vibratome stage using superglue (Roticoll, Carl Roth, Karlsruhe, Germany). Extra glue was applied at the edges of the stem segments to avoid loss of dead bark tissue during sectioning. Thick sections of 40-50 μm were prepared with a vibrating microtome (HM 650 V, Thermo Fisher Scientific, Waltham, MA, USA). Unstained sections were mounted in water and observed with a Nikon E600 microscope equipped with bright-field optics and images were recorded using a Nikon DXM1200 camera. Autofluorescence under UV illumination (excitation: 340-380, emission 435-485) was imaged with a Nikon Ni-U epifluorescence microscope equipped with a Nikon DS-Fi1c camera. Some sections were stained with 0.5% w/v astra blue, 0.5% w/v chrysoidine and 0.5% w/v acridine red and mounted in Euparal after dehydration in isopropyl alcohol.
Statistical analysis
Influence of treatment and location of the plants in the setup were investigated using a general linear model with the location as an ordinal variable per row. Data before and after veraison were compared using a paired t-test. Statistical analyses were performed in R 3.4.1 (R Core Team 2017).
Results
Environmental and soil conditions
Microclimatic conditions at the experimental site are shown in Figure 2 . Both PAR (Figure 2a ) and VPD ( Figure 2b ) were highest at the beginning of the experiment and declined gradually towards the end of the experiment due to transition from summer to autumn. Watering twice daily assured that the plants did not suffer from drought stress. This is also reflected in Ψ soil Figure 2 . Overview of the microclimatic and soil conditions throughout the experiment: (a) total daily photosynthetic active radiation (PAR), (b) maximum and minimum daily vapour pressure deficit (VPD) and (c) mean daily soil water potential (±SE, n = 4). The shaded area represents the period during which all plants reached their maximum stem diameter and subsequently started to shrink.
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Stem diameter variations
Specific growth patterns were seen in the normalized growth of all grapevines (Figure 3) , with fast growth throughout the first stage of the growing season and the first stage of berry development. As summer progressed, growth decreased and eventually a maximum diameter (ΔD max ) was reached. From that point onwards, net shrinkage in ΔD stem occurred and finally, shrinkage ceased and ΔD stem stabilized towards the end of the growing season. Only C8 showed a slightly different pattern, with two periods of shrinking divided by a short period of slow growth in ΔD stem .
A difference in growth between plants of the same treatment was seen that was related to the location within the experimental setup ( Figure 1 ). Grapevines located in the centre of the setup (C4, C5, P3) showed higher growth throughout the season than grapevines located towards the edges. This effect was however not statistically significant. Furthermore, our setup ensured that these location effects were similar among treatments.
The overall growth pattern was similar for control grapevines (Figure 3a ) and pruned grapevines (Figure 3b) , and no significant differences were found between C and P for D max nor for the timing of D max (t max , Table 1 ).
Furthermore, there was no correlation between t max and the timing of veraison in the grapes, indicating that grape berry development had no direct influence on the occurrence of stem shrinkage. A significant difference between C and P was however found in the total shrinkage after t max .
Daily growth rate vs environmental variables
Before t max , significant relationships were observed between DGR and both VPD (Figure 4a ) and PAR (Figure 4b ). The DGR was predominantly positive, and showed an increasing trend with increasing VPD and PAR. The positive correlation with PAR was most distinct. After t max was reached, DGR was negative or close to zero, and showed no significant correlation with either environmental variable (Figure 4d and e) .
Although the encountered range of Ψ soil was small due to the regular irrigation, an inverse and significant trend was found between DGR and Ψ soil , although R 2 values were very low for both periods (Figure 4c and f).
Anatomy
Stem segments of C and P plants were investigated anatomically to identify potential causes and locations of post-veraison irreversible stem shrinkage in grapevine. As initial investigations revealed multiple periderm formation, we first investigated the spatio-temporal context of periderm formation in V. vinifera vines, by making sections through young, 1-year and 2-year old stems (Figures 5 and 6 ).
The first periderm layer is initiated in the primary phloem of young stems, prior to deposition of secondary phloem tissue (characterized by the presence of bands of secondary phloem fibres) ( Figure 5 ). As soon as a functional periderm layer, consisting of a thick suberin-impregnated phellem layer (which typically exhibits autofluorescence under UV excitation) is formed, the primary cortex and epidermis die and shrink ( Figure 5 ). In the second growing season, two additional periderm layers are formed, as seen in a section through a 2-year-old vine stem collected in summer (DOY 267). The oldest periderm layer ('periderm 3') was formed in the primary phloem just below the primary phloem fibres, early on during stem maturation. Soon after initiation of this first periderm, a second periderm ('periderm 2') was formed in the secondary phloem, also in the first year of growth. Secondary phloem tissue is characterized by the presence of tangential bands of secondary phloem fibres (Figure 6 ). The youngest periderm layer ('periderm 1'), also initiated in the secondary phloem, was formed in the second year of growth.
Comparison of the anatomy of stems sampled at t max and those sampled after harvest or at leaf fall indicated differences in bark anatomy (Figure 7) . Periderm layers were labelled in the same manner as in Figure 5 , with p1 being the most recently Figure 3 . Normalized growth in stem diameter from the start of the measurements (ΔD stem ) for (a) all control grapevines and (b) all pruned grapevines that were not cut before harvest. The grey dashed line represents harvest, at which time all but three grapevines were cut.
Tree Physiology Volume 38, 2018 formed periderm layer. Correspondingly, the youngest bark layer is labelled B1 and any following bark layers cut off by a periderm layer are labelled B2 and, if present, B3. In the stems cut at t max , especially C3, p1 was only recently formed, and B2, though inactive because isolated by a newly formed periderm layer, appeared still hydrated. In the stems that were cut at leaf fall however, B2 was dehydrated and compressed. This difference in layer B2 between stems cut at t max and stems cut at harvest or leaf fall was seen in all samples, and the width of B2 was significantly greater (0.16 mm, P = 0.026) in the stems cut at t max . On the other hand, no significant difference was found between C and P for the width of layer B2 after total shrinkage, yet layer B1 was significantly wider in P compared with C (0.11 mm, P = 0.028, Table 2 ). Table 1 . Maximum stem diameter (D max ), timing of D max (t max ), timing of veraison, total growth from the start of the measurements until D max (ΔD max ) and total shrinkage (TS) from t max onwards for all plants, and means (±SE) per treatment. C3, C6 and P2 were cut shortly after t max , therefore no measurement of total shrinkage is available for these plants. Timing of veraison could not be determined for the pruned plants, as they carried no grape clusters. Significant differences (P < 0.05) between means are indicated by different letter indices. Figure 4 . Relationship between mean daily vapour pressure deficit (VPD) (a and d), total daily photosynthetic active radiation (PAR) (b and e) or mean daily Ψ soil (c and f) and daily growth rate (DGR) of the grapevine stem before (a-c) and after (d-f) t max for the 12 monitored grapevines (grey circles: control, red circles: pruned). Significance of the regression: **** significant at P < 0.0001, n.s.: not significant.
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Discussion
Environmental drivers do not cause post-veraison stem shrinkage
Stem shrinkage over multiple days is typically caused by environmental stress conditions such as water deficit (e.g., De Swaef et al. 2009 , Šimpraga et al. 2011 , Bloemen et al. 2016 or freezing (e.g., Zweifel & Häsler 2000) . Nonetheless, stem shrinkage around veraison has been repeatedly reported in grapevine stems, without apparent environmental drivers (Ton and Kopyt 2004 , Intrigliolo and Castel 2007 , Baert et al. 2013 ). In our experiment, sufficient soil water availability was ensured at all times, which is also indicated by the high values of Ψ soil (Figure 2 ). This sufficient soil water availability is also reflected in the fact that DGR showed a weak correlation with Ψ soil , especially in the period following t max (Figure 4) . Furthermore, DGR increased with decreasing Ψ soil , whereas the opposite correlation is expected under water-limiting conditions. Furthermore, the lack of correlation between microclimatic variables (VPD and PAR) and DGR following t max (Figure 4d and e) underpins that microclimate was not a determining factor for post-veraison stem shrinkage. Post-veraison shrinkage started during late summer and ended around the beginning of autumn (end of September), and temperatures were never lower than 6°C during this period. As a result, frost can also be ruled out as a driver for the observed shrinkage. (v) and, if present, the first periderm layer (p). UV-induced autofluorescence facilitates distinction of periderm layers. Abbreviations: cu, cuticle; ph1, primary phloem; ph2, secondary phloem; phf1, primary phloem fibres; *, secondary phloem fibres. Scale bars: 100 μm.
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Veraison does not cause post-veraison stem shrinkage
The increased sink strength of grape berries during veraison has been put forward as another possible explanation for the postveraison stem shrinkage of grapevines (Intrigliolo and Castel 2007) , since veraison and irreversible stem shrinkage typically occur around the same time in the growing season. This hypothesis is, however, rejected by our data, since grapevines that were pruned of all grape clusters also showed significant postveraison stem shrinkage (Figure 3) . Furthermore, no correlation was found between the timing of the onset of veraison and the start of post-veraison stem shrinkage, showing that there is no direct causal link.
Post-veraison stem shrinkage attributed to successive periderm formation
Due to successive concentric periderm formation, a typical ring bark is formed (Figures 5 and 6 ). Grapevines are known to have a specific type of bark, referred to as 'ring bark', which is characterized by the formation of successive concentric periderm layers (Borger 1973) . In grapevines, this periderm layer is typically formed around midsummer, after which the outer parts of the bark, including phloem and parenchyma tissue outside of the newly formed periderm, die off, dehydrate and become compressed (Esau 1948) . As discussed by Esau (1948) , secondary phloem that originates in the preceding season is reactivated early in spring. In the meantime, cambial activity forms new secondary phloem, which differentiates throughout spring. In summer, when most of the new secondary phloem tissue is active, older secondary phloem tissue begins to show signs of disorganization and is soon cut off as a result of periderm formation. These outer layers of dead bark split close to the periderm layer and are shed by the vine in strips.
Our micrographs show that dehydration of outer bark tissues coincides with the post-veraison shrinkage of the stem (Figure 7) . Figure 6 . Unstained section of a vine stem (C8, DOY 267) in its second growing season, viewed under bright-field optics (left) and UV-induced autofluorescence (right). Abbreviations: B1, B2, B3, bark layers; X2, secondary xylem; p1, p2, p3, periderm layers; vc, vascular cambium; cu, cuticle; c, cortex; xv, xylem vessel; ph1, primary phloem; ph2, secondary phloem; phf1, primary phloem fibres; r, parenchyma ray; *, secondary phloem fibres. Scale bars: 100 μm.
At t max , the new periderm layer (p1) had only recently (i.e., around midsummer) been formed, and the bark layer located outside of this periderm (B2) is neither disorganized nor dehydrated. This is clearest in sample C3, where the periderm layer had only just been formed and bark layer B2 was hence still intact at the time of sectioning. Since stems were sectioned in August, this agrees with the findings of Esau (1948) that periderm formation occurs in July. Later in the season, when D stem was stable after the period of shrinkage, the outer bark layer had died off and is compressed due to dehydration. This visible compression led to a difference of Figure 7 . Anatomy of the 2-year-old main stem of grapevine at the time of maximum diameter (t max ) for C3 and P2, and after total shrinkage (C2 and P1). Successive layers of bark are visible outside of the secondary xylem (X): B1 = living, active bark layer; B2 = dead/dying inactive bark layer; B3 = residue from older bark layer(s). Cork and vascular cambium layers are fragile tissues that are easily damaged as a result of the forward vibrating motion of the vibratome. Resulting tissue disruptions are indicated with asterisks (*). Abbreviations: B1, B2, B3, bark layers; X2, secondary xylem; p1, p2, p3, periderm layers; xv, xylem vessel; ph2, secondary phloem; phf2, secondary phloem fibres; phf1, primary phloem fibres; vc, vascular cambium; r, parenchyma ray. Scale bars: 100 μm.
Tree Physiology Volume 38, 2018 0.16 mm between the mean thickness of bark layer B2 at t max and the mean thickness of layer B2 after total shrinkage. This would hence only explain 0.32 mm (0.16 mm on either side of the stem) of the stem diameter shrinkage, while the overall mean shrinkage recorded with the LVDTs was 0.66 mm. However, it has to be noted that two out of three stems (P2 and C3) that were supposed to be cut at t max had actually already shrunk around 0.2 mm according to the LVDT measurements at the time of cutting, partly explaining this discrepancy.
Other plants that are known for ring bark formation are Clematis and Lonicera and members of the gymnosperm Cupressaceae family (Borger 1973 , Evert 2007 . While there are no dendrometer experiments on Clematis or Lonicera that we are aware of, there have been continuous measurements of SDVs on Juniperus przewalskii, a member of the Cupressaceae family (Wang et al. 2012 ). In the latter study, the authors report a significant shrinkage of the stem during winter months, yet they found a correlation between this shrinkage and air temperature. While freezing might indeed have an influence on stem diameter, this is typically reversible and shows fast dynamics during freezing and thawing (Zweifel and Häsler 2000) . In the study of Wang et al. (2012) however, the stem only fully recovered to the same radius as before freezing almost 2 months after thaw. We hence argue, without refuting the temperature effect, that part of the observed shrinkage might have resulted from the formation of successive periderm layers and the die-off of outer bark layers. A more detailed study on the anatomy and timing of periderm formation in this species is, however, encouraged in order to provide clarity on the matter.
Although conclusions with respect to function cannot be drawn from microscopic observations, ring bark formation probably has no severe effect on V. vinifera growth performance as periderm layers usually cut off older, non-conducting phloem tissues. This is most likely the case in V. vinifera, as Esau (1948) reported that sieve tubes do not get older than 2 years. The functional advantages of ring bark formation in Vitis stems most likely relate to their lianous life style. While most lianas are not self-supporting and use trees or shrubs as a means of vertical support, they may collapse under the weight of either epiphytes or creepers. A peeling bark, which is typical for lianas such as Vitis, Lonicera and Clematis, prevents animals from getting grip or epiphytes from finding a suitable place to grow due to the lack of points of anchorage.
Difference in total post-veraison stem shrinkage between pruned and control grapevines While sink strength of the grape berries was ruled out as the direct driver for stem shrinkage, there was a significant difference in total post-veraison stem shrinkage between C and P of 0.33 mm (Table 1) . This is in accordance with previous findings where post-veraison stem shrinkage was lower in grapevines with reduced crop load (Intrigliolo and Castel 2007) . However, no significant difference in size was observed in the micrographs between layer B2 of the control and pruned treatment (Table 2) . On the other hand, the active bark layer (B1) was significantly larger in the pruned treatment compared with the control. We hence argue that the smaller apparent post-veraison stem shrinkage is a result of a more prolonged growth of the active bark layer (B1) in the pruned plants rather than a larger shrinkage of layer B2. This way, continued growth of B1 during the shrinkage of B2 partly counteracted the overall effect of postveraison stem shrinking, leading to a smaller apparent shrinkage. Crop load has been shown to have a major impact on stem growth in peach, because the sink strength of the fruits leads to a relatively lower amount of carbohydrates that are available for stem growth (De Swaef et al. 2014) . In grapevine, no apparent effect of crop load on DGR before veraison is reported (Intrigliolo and Castel 2007) . However, it is only at veraison that grapes start demanding high quantities of photo-assimilates and become the predominant sink for carbohydrates at the expense of vegetative plant parts (Williams 1997) . This might explain why the difference in stem growth is not yet apparent before veraison in grapevines. Due to shrinkage of the outer bark layer after veraison, the difference in crop-load dependent stem growth can only be seen as a difference in absolute shrinkage in the SDV measurements.
Conclusion
This experiment showed that the typical post-veraison stem shrinkage of grapevine stems is caused by the formation of a new periderm layer and the dehydration and die-off of the tissues outside of this newly formed periderm. This happens independently Table 2 . Diameter of the active bark layer (D B1 ) and diameter of the inactive bark layer that is cut off by the periderm formation of the current year (D B2 ) based on the micrographs, and means (±SE) per treatment. C3, C6 and P2 were cut shortly after t max , before shrinkage of B2, therefore their values for D B2 -indicated with an asterisk (*)-were not included in the statistical analysis. Significant differences (P < 0.05) between means are indicated by different letter indices. of the berries, as pruned grapevines also exhibit this postveraison stem shrinkage. However, the absolute value of shrinkage is less pronounced in pruned grapevines, which we argued to be caused by a larger growth of the active bark layer, rather than more shrinkage of the outer dehydrated layers.
